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ABSTRACT 
Soft soil also well known in geotechnical properties where low bearing capacity, 
high water content, high compressibility, structural instability, lateral pressures, 
differential settlement and long term settlement. In situ subgrade often not provided the 
support required to achieve acceptable performance under traffic loading and 
environmental demand.  Previous similar projects are importance to determine the suitable 
soil improvement method in relation to project.  In this study, software application 
approach by PLAXIS 2D in order to evaluate the behaviour of the subgrade stabilization 
using an actual field data form Subsurface Investigation (S.I) work report and PLAXIS 
2D Manual.  The effectiveness of PLAXIS finite element to predict the settlement of soft 
soil base on different type stabilization are successfully performed related to this matter. 
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ABSTRAK 
Tanah lembut dikenali dalam bidang kejuruteraan mekanik tanah dimana ia 
mempunyai  keupayaan galas yang rendah , kandungan air yang tinggi , kebolehmampatan 
yang tinggi , ketidakstabilan struktur , tekanan sisi, dan pengukuhan yang pelbagai untuk 
jangka masa yang panjang . Lapisan subgred seringkali dikatakan tidak dapat untuk 
memberikan sokongan yang diperlukan agar mencapai prestasi yang boleh diterima 
semasa pembebanan lalulintas dan permintaan alam sekitar. Projek-projek terdahulu yang 
perlah dilaksanakan dan berada di dalam bidang yang ini amat  penting bagi menentukan 
kaedah membaik pulih  tanah yang sesuai sehubungan dengan sesuatu projek .  Dalam 
kajian ini, dengan menggunakan perisian aplikasi PLAXIS 2D, kestabilan dan tingkah 
laku tanah yang berada di lapisan subgred dapat dianalisis berdasarkan data sebenar di 
lapangan yang diperolehi melalui kajian awal di tapak bina (SI).  Keberkesanan perisian 
PLAXIS 2D dalam meramalkan kadar pengukuhan asas bagi tanah lembut melalui 
pelbagai kaedah kestabilan tanah telah berjaya menyelesaikan permasalahan ini. 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
In pavement engineering, either highway or runway as an infrastructure, a 
pavement encompasses three important part namely traffic load, pavement and 
subgrade.  Pavement generally comprises granular materials with unbounded or 
bounded materials located between traffic load and subgrade, distributing the load to 
surface of subgrade.  The construction of pavement on weak ground often requires 
the soil to be improved in order to ensure the safety and the stability. 
Government of Malaysia had been promises to construct a new Borneo new 
link highway that can’t avoid this such area Sarawak coastal area.  The ‘soft soil 
problem’ such as the settlement of soft soil foundation has become one of the key 
problems for foundation design.  When a road embankment is constructed over soft 
soil, there is a surcharges or an increase of stress in the soft ground including the 
strain or settlement.  If the surcharge load due to filling and constructions traffic load 
is high near the ultimate bearing capacity of the supporting soft ground, excessive 
yielding or plastic deformation in vertical and lateral direction of the soft ground will 
occur and followed by tension crack, deep seated rotational slip when deformation is 
large and extensive. 
In condition where problematic surfaces carry risks for engineering 
constructions, surfaces can be adapted as expected with various soil improvement 
methods.  Bored pile, soil injection, stone column, vibro compaction, jet grouting 
dewatering, compaction, preloading with and without vertical drains, grouting, deep 
mixing, deep densification and soil reinforcement are common methods used for this
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aim.  Previous similar projects are of importance in order to determine the suitable 
soil improvement method in relation to project.  By using PLAXIS 2D, with support 
by an actual field data form site investigation (S.I) work report can generate the best 
way of subgrade stabilization. 
1.2 Problem Statement 
Soft soil present several challenges for the geotechnical engineer as they pose 
problems related to stability and settlements.  Soft soil covers the majority of West 
Coast and East Coast of Peninsular Malaysia and in Sarawak, the largest state in 
Malaysia, has the biggest reserve of soft soil such as peat land.  For a several decades 
engineer try to avoid those such area but since the growth of population and 
development, the peat and soft soil has to be use for infrastructure such as housing 
estate and new roadway.  
Sarawak has approximately 1,657,600 ha. of tropical peat that covers 13% or 
the total land area (12.4 million ha.).  It is the largest area peat land in Malaysia. It 
constitutes nearly 63% of the total peat land of the country.  More than 80% of the 
peat more than 2.5m depth (Khing, 2014). 
 
Figure 1.1:  Distribution of peat in Sarawak (Land and Survey Department Sarawak, 
2011) 
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Table 1.1: Areas under peat in the various administrative divisions in 
Sarawak sq. km (Singh et al,1997) 
 
 
 
 
 
 
 
 
 
 
With the rapidly development of highway and building construction, the 
settlement of soft soil foundation has become one of the key problems for foundation 
design. Construction over peat deposits always creates special problems due to the 
poor engineering properties of peat soil. Excessive settlements comprise the major 
problem associated with the highly compressible nature of peat soil. Low shear 
strength often causes stability problems in peat soils when they are subjected to 
external loading. Creep settlements that occur after the construction of the road 
pavement will lead to significant problems (Ismail Bakar, 2014). 
Division  Area (sq. km) 
Kuching Administration Division 23,059 
Samarahan Administration Division 192,775 
Sri Aman Administration Division 283,076 
Sibu Administration Division  540,800 
Sarikei Administration Division 169,900 
Bintulu Administration Division 146,121 
Miri Administration Division  276,579 
Limbang Administration Division 25,300 
Total 1,657,600 
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Figure 1.2:  Site Location Jalan Matang Baru, Phase 1,Kuching 
 
Figure 1.3:  Site Location Jalan Matang Baru, Phase 1,Kuching 
Excessive and uneven settlement is very often to be characterizing by 
pavement rutting, distortion, undulation or lateral tilt, change of chamber or super 
elevation on road surfacing. Pavement distortion or localizes depression may result 
in pavement surface rutting and ponding. These problems can end up in damage in 
drains, culverts, buried utilities and traffic hazard to road user (Alvin Lopez, 2010). 
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Figure 1.4:  Site Location Jalan Matang Baru, Phase 1,Kuching 
 
Figure 1.5:  Site Location Jalan Matang Baru, Phase 1,Kuching 
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1.3 Research Objectives 
The aim of this research study is to identify the most suitable stabilization 
method for subgrade in soft soil which will be cost effective. There are three 
objectives proposed in this research study: - 
i. To develop model of subgrade using PLAXIS 2D. 
ii. To monitor the displacement and settlement of subgrade in soft soil. 
iii. To propose ground improvement of subgrade and monitor the settlement. 
1.4 Research Scope 
This research based on the specific scope in order to ensure the precision of 
the research area and also to achieve research objectives.  The site location limited 
for Jalan Matang Baru, Phase 1, Kuching, Sarawak.  The input data, such as soil 
properties are based on site investigation (S.I) work report, sourced from the Central 
Material Laboratory, JKR Sarawak used to generate the best way of subgrade 
stabilization by PLAXIS 2D. 
 
Figure 1.6: Arial view site location (Google Maps, 2014)  
62 
 
 
References 
 
Aboshi, H. and Suematsu, N.  (1985) The State of the Art on Sand Compaction Pile 
Method. Geotechnical Seminar on Soil Improvement Methods. Nanyang 
Technological Institute, Singapore. 
Alvin Lopez (2010) A Quick Scan of Peat  lands in Malaysia: Wetland International   
            - Malaysia 
Ariema, F., and Butler, B.E. (1990). “Embankment Foundations - Guide to 
Earthwork Construction”, Transportation Research Board, National Research 
Council,Washington, D.C. pp. 59-73. 
Arindam Dey. (2014) Embankments Resting on PVD Incorporated Soft Soil. Indian 
PLAXIS Users Meeting, 2014 Department of Civil Engineering Geotechnical 
Engineering Division IIT Guwahati 
Axelsson, K. (2005). Introduktion till JORDMEKANIKEN jämte jordmatierallära. 
Luleå: Luleå University of Technology, Geotechnical department. 
Barksdale R. D. and Bachus R. C. (1983) Design and Construction of Stone 
Columns. Volume 1, Federal Highway Administration, United States 
Department of Transportation. 
Bergado D. T., Alfaro M. C. and Chai J. C. (1991) The Granular Pile : Its Present 
State and Future Prospects for Improvement of Soft Bangkok Clay. 
Geotechnical Engineering Journal. Asian Institute of Technology, Bangkok.  
Birkeland, P.W., 1999. Soils and Geomorphology. Oxford Univ. Press, New York. 
430 pp. 
Brinkgreve, R.B.J, Broere, W and Watterman, D. (2006). Plaxis: 2D-version 8, 
Netherlands: Delft University. 
Brinkgreve, R., Swolfs, W. & Engin, E. (2011). PLAXIS 2D Full Manual, 
Netherlands: Delft University of Technology. 
Budhu, M. (2000). Soil Mechanics and Foundations. New York: John Wiley and 
Sons. 
Coduto, D.P.(1999). Geotechnical engineering: principles and practices. Upper 
Saddle River, N.J.,USA: Prentice Hall. 
Collin, J.G., Watson, C.H., & Han, J. (2003). “Column-Supported Embankment 
Solves Time Constraint For New Road Construction”, Proceedings of the 
63 
 
 
Sessions ofthe Geo-Frontiers 2005 Congress, Geotechnical Special 
Publication, n 130-142. 
Das, B. M. (1998). Principles of Geotechnical Engineering. 4th red. Boston: PWS 
Publishing Company. 
Fauziah Kassim, Aminaton Marto, Bakhtiar Affandy Othman, Ismail Bakar, 
Muhamad Fadhil Othman.(2013) Simulation of Safe Height Embankment on 
soft soil using PLAXIS. Department of Geotechnical and Transportation, 
Faculty of Civil Engineering, UTM Skudai, Research Centre for soft soil, 
Faculty of Civil Environment Engineering, UTHM. Journal January, 2013. 
Ghandeharioon, A., Indraratna, B., and Rujikiatkamjorn, C. (2009). Analysis of soil 
disturbance associated with mandrel-driven prefabricated vertical drains 
using an elliptical cavity expansion theory. International Journal of 
Geomechanics, ASCE. (Accepted,August 2009). 
Goughnour R. R. and Bayuk A. A. (1979) A Field Study of Long-Term Settlement of 
Loads Supported by Stone Colums in Soft ground. International Conference 
on Soil Reinforcement : Reinforcement Earth and Other Techniques, Vol. 1, 
Paris. 
Gopinath, B., Juneja, A, Agarwal, A. (2010) Numerical Modelling of Piled Raft 
Foundation in Soft Clays. Department of Civil Engg., Indian Institute of 
Technology Bombay, Mumbai. Journal December, 2010 
Greenwood D. A. and Kirsch K. (1983) Specialist Ground Treatment by Vibratory 
and Dynamic Methods. Thomas Telford. London. 
G.T. Houlsby and A.N.Schofield (1993) ‘Predictive Soil Mechanics’’. Published by 
Thomas Telford Services Ltd, Thomas Telford House, 1 Heron Quay, 
London E14 4JD. 
Hamza Gullu (2013) A Numerical Study on Geotextile Stabilized Highway 
Embankment Under Vibration Loading. 2nd International Balkans 
Conference on Challenges of Civil Engineering, BCCCE, 23-25 may 2013. 
Epoka University, Tirana, Albania. 
Holtz, R. D., and Kovacs, W. D., 1981, An Introduction to Geotechnical 
Engineering, Prentice-Hall, Inc, Eaglewood Cliffs, New Jersey. 
Indraratna, B., Rujikiatkamjorn C. and Wijeyakulasuriya V. (2007). Soft Clay 
Stabilisation Using Prefabricated Vertical Drains and the Role of Viscous 
64 
 
 
Creep at the Site of Sunshine Motorway,Queensland. University of 
Wollongong, Australia: Faculty of Engineering 
 
Ismail Bakar (2014) Static And Dynamic Characteristic of Peat. Seminar 
Construction on Peat Soil in Malaysia. 6 May 2014 
Jie Gu (2011)  Computational Modeling Of Geogrid Reinforced Soil Foundation And 
Geogrid Reinforced Base In Flexible Pavement.  Doctor of Philosophy, 
Louisiana State University and Agricultural and Mechanical College. 
Khing V.T.C. (2014) Road Construction on Peat Soil: Method of Treatment, Cost 
and Design Principle. Seminar Construction on Peat Soil in Malaysia. 6 May 
2014 
M. Siavoshnia, F. Kalantari and A. Shakiba (2010) Assessment of Geotextile 
Reinforced Embankment on Soft Clay Soil. The 1 st International Applied 
Geological Congress, Department of Geology, Islamic Azad University - 
Mashad Branch, Iran, 26-28 April 2010 
Murthy, V.N.S. (2003), Geotechnical Engineering: Principles and Practices of Soil 
Mechanics and Foundation Engineering. Routledge, USA: CRC Press Inc. 
Müller, R. (2010). Embankments founded on sulphide clay-some aspect related to 
ground improvement byvertical drains, Stockholm: Royal Institute of 
Technology Stockholm. 
Ottosen, Niels Saabye and Petersson, Hans. (1992). Introduction to the finite element 
method. New York: Prentice Hall. 
Paul Croney, MICE and David Croney, OBE, FICE, FIHT. Geotechnical and 
Highway Engineering Consultants (1998).“The Design and Performance of 
Road Pavements’’. 
Raju V. R., Wegner R. and Hari Krishna Y. (2004) Ground Improvement Using 
Vibro Replacement in Asia 1994 to 2004 – A 10 Year Review. Keller 
Foundozani, Germany.  
Richard Robinson and bent Thagesen (2004). “Road Engineering For Development”. 
Second Edition. Printed and bound by CPI Antony Rowe, Eastbourne. 
R.F. Craig (2004). “Craig’s Soil Mechanics”.  Seventh edition. Simultaneously 
published in the USA and Canada by Spon Press, 29 West 35th Street, New 
York, NY 10001 
65 
 
 
Ryltenius, A. (2011). FEM Modelling of Piled Raft Foundations in two dimensions 
and three dimensions,Lund Sweden: Lund University. 
Sharma, H., & Lewis, S. (1994). Waste Containment Systems,Waste Stabilization and 
Landfills. New York: John Wiley and Sons Inc. 
S Horpibulsuk, A Chinkulkijniwat, A Cholaphatsron, J Suebsuk, M D. Liu.(2012) 
Finite Element analysis of consolidation behavior of composite soft ground. 
Suranaree University of Technology, University of Wollongong, 
Geocongress 2012 
Tan Yean-Chin, LEE Peir-Tein, and KOO Kuan-Seng. (2013). Instrumented Trial 
Embankment on Soft Ground at Tokai, State of Kedah, Malaysia. Proceeding 
of the 18th International Conference on Soil Mechanics and Geotechnical 
Engineering, Paris 2013. 
Wesley, L. D. (2010). Fundamentals of soil mechanics for sedimentary and residual 
soils. New Jersey: John Wiley & Sons, Inc. 
Yan Jiang, Jie Han, and Gang Zheng.(2012) Numerical Analysis of Consolidation of 
Soft Soils Fully-penetrated by Deep-mixed Columns, KSCE Journal of Civil 
Engineering (2013) 17(1):96-105, May 1, 2012 
Yasser M.El-Mossallamy, Ashraf M. Hefry, Magdy A. Demerdash, Mohamad S. 
Morsy.(2012) Numerical analysis of negative skin friction on piles in soft 
clay. Structural Engineering Department, AinShams University, Cairo, Egypt 
HBRC Journal September, 2012. 
Y.K. Wong, Joseph. (2013) Comparison of Drainage Line Elements in PLAXIS 2D 
and 3D applied in Consolidating Marine Clay Deposits. Wong, Y. K (2013), 
SEIC 2013. IP 6-63 
PLAXIS(2000), PLAXIS Version V8 Reference manual 
 
 
 
